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包括三個實驗。這三個實驗運用了頻次差範例(differential frequency paradigm)去 
探討詞素和音節在中文語言產生中所扮演的角色°實驗一在一個圖畫命名作業 
裏找到了詞素頻率效應(morpheme frequency effect; MFE)和音節頻率效應 






驗。這兩個實驗運用了圖字干預作業(picture-word interference task)去探討語 
義，詞音，和字型剌激在語言產生中的時間進程。實驗使用了五個長度由-200 









Chinese speech production was investigated based on Levelt's stage model of speech 
production. In the first part of the study, three experiments using the differential 
frequency paradigm were conducted to study the role of morphemes and syllables in 
Chinese speech production. Experiment 1 showed a morpheme frequency effect (MFE) 
and a syllable frequency effect (SFE) in a picture-naming task. There are three 
different processing involved in picture naming: object identification, 
conceptualization and lexical access. Experiments 2 and 3 were designed in attempt to 
exclude the possible contributions from object identification and conceptualization 
using a picture word matching task and picture categorization task. No MFE and SFE 
were found in these two experiments, hence the MFE and SFE obtained in experiment 
1 were contributed by the processes of lexical access. It was asserted that morpheme 
and syllable were the processing units in the lexical access stages of Chinese speech 
production. This finding was consistent with the two stages of lexical access in 
Levelt's model. In the second part of the study, two experiments using picture-word 
interference tasks were conducted to investigate the time-course of semantic, 
phonological and orthographic activation of speech production. Five stimulus onset 
asynchronies (SOAs), from -200ms (word first) to 200ms, in steps of 100ms were 
used. Semantic interference was found at SOA of-200ms (word first) to 0ms, 
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phonological facilitation was found at SOA of 0ms to +200ms, and orthographic 
facilitation was found at SOA of—100ms to +200ms. The results were explained by the 
stages of lexical selection and word-form encoding of Levelt's model. In addition, it 
was proposed that orthographic information was activated during the word-form 
encoding stage in speaking a Chinese word. 
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Modeling Speech Production: Implications from a Chinese Study 
The present study investigated Chinese speech production processing. To speak a 
word, one must have access to the internal lexicon, which is the store of word 
representation. Thus, the major issue in a speech production study is about how one 
gets access to the lexicon, or in other words, the process of lexical access. There are 
two important questions about lexical access in speech production. One question 
concerns the processing units represented in the mental lexicon when a person speaks. 
The other question concerns the processes involved when speaking. 
Three major types of research have been conducted to find out the processing 
units and processes involved during speaking. The earliest data about speech 
production came from speech error studies (e.g., Garrett, 1975). In these studies, 
speech errors were recorded during natural speech. Speech error data were important 
in explaining speech production, because from those errors researchers could 
understand how the production system ran into problems. However, there were some 
disadvantages in using speech error data. First, speech errors occur infrequently. 
Usually, only a small number of errors can be recorded after a long period of recording 
Thus, it is very time-consuming and labor intensive to collect the speech errors. It is 
also difficult to test specific hypotheses about speech production. Second, speech 
errors are not parts of the ‘normal’ speech processing. This is only ‘deviated’ speech 
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processing. To understand speech production, a model of speech production should be 
built based on data of normal speech processes. 
The second type of research investigates the language performance of patients 
with language dysfunctions, and most of these data come from aphasic patients. 
Starting from the discovery of Broca's area, a lot of interesting findings have been 
reported from aphasic patients. However, the problems of patient studies are similar to 
speech error studies: They are not flexible in testing specific hypotheses, and they are 
part of the 'deviated' speech processes. 
As the shortcoming of speech error and patient studies were revealed, another 
line of research, reaction time experiments, dominated the field of speech production. 
First, a well-controlled experiment can be introduced easily to test specific hypotheses 
or prediction about speech production. Reaction time (RT) experiments are suitable for 
testing the theories of speech production. The second advantage of reaction time 
experiments is that normal speech processes can be studied with tasks requiring vocal 
responses, such as picture naming tasks and translation tasks. 
Different models of speech production have been proposed to explain data 
generated in the three research methods. For instance, Garret has proposed a model to 
explain the speech error data collected (1975). Dell has also proposed a spreading-
activation theory to account for speech error data (Dell, 1986). Similarly, Levelt has 
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proposed a stage theory to account for reaction time experiment data (Levelt, 1989). 
Among the current models of speech production, three commonalities can be 
observed. First, they generally agree that the starting point of speech production is the 
activation of a concept, or the process of conceptualization. They also agree that the 
motor execution of a word, articulation, is the last step of speaking. The major 
disagreement between different models lies in the intermediate processes between 
conceptualization and articulation, or the lexical access. Second, even though when 
there are disagreements about the processes of lexical access, different models 
generally agree that semantic processing and phonological processing are involved 
during lexical access. This two-processes account for speech production has been 
supported by speech error studies (e.g., Garret, 1988) and experimental studies (e.g, 
Kempen & Huijbers, 1983). 
Among different models, Levelt's stage model of speech production is most 
widely accepted, for the following two reasons. First, this model is comprehensive and 
is supported by many research studies in speech production. It also provides a detailed 
explanation for the processes of speech production. Specifically, four different stages 
of processing, with specific processing units and processes in each stage of processing 
have been proposed to explain speech production. More importantly, this model has 
been supported by different studies (For example, Schriefer, Meyer & Levelt, 1990; 
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Schriefer, Meyer & Levelt, 1990; Jescheniak & Levelt, 1994;). 
The second advantage of Levelt's model is that this model has been proposed 
largely based on RT experiments of word production (see a review by Levelt, Roelofs 
& Meyer, 1999) while most of the other production models have been based on speech 
error studies (e.g. Dell, 1986). As mentioned above, a speech theory should be based on 
data from normal speech instead of speech error and patient studies. Hence, Levelt's 
model can provide a better understanding of normal speech production. 
Research in Chinese Speech Production 
The focus of the present study was to investigate speech production in Chinese. 
There has been only a small amount of research conducted in this field so far. This 
research includes RT experiments (Liu, Wu & Chou ； 1996), speech error studies (Chen, 
1999; Shen, 1992, 1993) and patient studies (Law & Leung, 1998, 2000; Packard, 
1990; Wengang & Butterworth, 1998; Yiu, Worrall & Baglion, 1998). Most of these 
studies were descriptive reports of speech errors and patient studies, while none of 
those experimental studies used production tasks to investigate Chinese speech 
production. The most important issues of speech production ~ the processing units and 
processes involved in speech production, have still not been explored yet. 
As little is known about Chinese speech production, one of the possible directions to 
study Chinese speech production is to use speech production models based on Western 
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languages as a framework to begin the investigation. In a recent review paper, Packard 
suggests that Level's model can be used in theorizing Chinese speech production 
(1999). Hence, Levelt's model was used as a basic framework for the present study 
since it is comprehensive and is applicable in normal speech processing. The focus of 
this study was placed on the lexical access of speech production. In this study, I wanted 
to explore two important issues of lexical access: what are the (a) processing units, and 
(b) processes involved in Chinese speech production? 
T.evelt's Model of Speech Production 
Speech production starts with the formulation of a concept, and ends at the 
articulation of a word or sentence. However, speakers are generally not aware of the 
internal operations that guide the process of speech production. Levelt has proposed a 
comprehensive model to account for the internal processes involved (Levelt, 1989), 
and also a revised version in another paper (Levelt, Roelofs & Meyer, 1999). 
According to this model, word production is the result of the processing of four 
different stages: conceptualization, lexical selection, word-form encoding, and 
articulation. The stages of lexical selection and word-form encoding are the two 
stages of lexical access in Levelt's model. Levelt proposed that the processes of speech 
production are serial and unidirectional. All the four stages of processing must be gone 
through in the exact order, starting from conceptual preparation and ending at the 
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articulation. This is the serial property of this model. Also, information in each stage 
can only pass to the next stage of processing. For instance, the process of lexical 
selection can only receive information from the conceptual preparation stage, but not 
in the reserved direction. This is the unidirectional aspect of the model. Figure 1 shows 
how the four stages are related to each other. 
Figure 1. Four stages of processing in Levelt's model 
Lexical Word-Form . . 
Conceptualization ^ , . ^ ” ^ Articulation 
^ Selection ^ Encoding 
The intention to produce a meaningful word starts with the activation of a concept, 
through the process of conceptualization. According to Levelt's model, concepts 
about the world are organized as a network of conceptual nodes and there are linkages 
among the nodes if the concepts are semantically related. For instance, there are 
linkages between the concept nodes ‘dog’ and 'cat'. When one wants to speak a word, 
a concept node will be activated. At the same time, the activated concept node will 
spread the activation to the other semantically related nodes. For instance, when the 
concept of ‘dog’ is activated, related concept nodes like 'cat', 'bark', and ‘bite，will 
also be activated in certain degrees. 
The activated concept node will then be transformed into a lemma through the 
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process of lexical selection. A lemma is a lexical representation in the lexicon, which 
contains semantic and syntactic information. In each lemma, there can be many 
parameters. For instance, English noun lemmas have features for numbers (the lemma 
‘dog, can be found in different word form like 'dog' and ‘dogs，). For most of the 
concepts, there will be one lemma representing the concept. There are, however, 
exceptions, such as particle verbs, will be represented by more than one lemma, (e.g. 
the concept 'watch out, has two lemma 'watch' and ‘out,) During the 
conceptualization, semantically related concepts are also partially activated. Hence, 
those lemmas will also be activated in certain degrees. Hence, a single concept will 
activate its corresponding lemma to the highest level of activation, and other lemmas 
to certain degrees. The goal of lexical selection is to pick up the lemma with the 
highest level of activation for the next stage of processing. 
After a lemma has been selected, the next task is to prepare the appropriate 
articulatory program for that lemma. Only the selected lemma will be passed to the 
next stage of processing, the word-form encoding stage. In this stage, the first process 
involved is the retrieval of the word's phonological form, or lexeme, from the mental 
lexicon. According to this theory, activation of a lexeme will lead to the activation of 
three different types of information: the word's morphonological makeup, its metrical 
shape and its segmental makeup. The morphonological makeup is the layout of 
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morphemes included in a word. For instance, the lemma ‘dog，with plural marker will 
be encoded into two different morphemes: ‘dog, and 's'. For the metrical shape of a 
morpheme, it includes some general information about a morpheme's phonology. For 
instance, the metrical information of 'dog' includes two things: mono-syllablic and 
phonologically pronounceable word. Segmental makeup lists the phonemes included 
in a morpheme. The segmental makeup of the morpheme 'dog' is /d/, /o:/ and /g/. 
These three pieces of information will be passed to the last stage of speech processing, 
the stage of articulation. 
The last step of speech production is articulation. The encoded word form will 
first be transformed into a phonetic plan. Then, the phonetic plan will be initialized, 
prepared, and then executed by a motor program responsible for articulation. 
In summary, this model proposes two different processing units for lexical access 
in speech production. In the first stage of lexical access, lexical selection, the lemma is 
the processing unit of that stage. Lemma is a representation in lexicon containing 
semantic and syntactic information. In the second stage of lexical access, word-form 
encoding, the processing unit is the lexeme. Lexeme includes phonological 
information of the word to be articulated. Besides suggesting lemma and lexeme as the 
processing units, the model also suggested two sequential stages of lexical access: 
lexical selection and word-form encoding. These two stages are sequential in which 
14 
lexical selection must be finished before the word-form encoding stage starts to 
operate. 
Part 1 Processing Units in Chinese Speech production 
In the first part of this study I was interested in the processing units in Chinese 
speech production. According to Levelts' model, lemma and lexeme are two important 
processing units of lexical access. Can the lemma and the lexeme be found in Chinese 
speech production? 
To find out the role of lemma and lexeme in Chinese speech production, we have 
to define what is lemma and lexeme in Chinese language first. According to Levelt's 
model, lemma is a processing unit which contains semantic and syntactic information, 
and it corresponds to a distinct lexeme. In Chinese, the morpheme best matches the 
properties of the lemma. Every Chinese morpheme has a distinct meaning, as well as a 
distinct phonological form. For instance, the English lemma 'dog' is equivalent to 
Chinese morpheme ‘狗’• In the model, the processing unit lexeme is a phonological 
form of the lemma. The Chinese syllable best matches the properties of the lexeme. In 
Chinese, most morphemes are mono-syllablic. The phonological representation of a 
morpheme is usually a single syllable. In other words, the Chinese syllable is similar to 
a lexeme, which syllable is a phonological form of a morpheme while lexeme is the 
phonological form of lemma. 
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Differential frequency paradigm had been used in the present study to find out the 
processing units of lexical access in Chinese speech production. The basic idea of this 
paradigm originated in the word frequency effect (WFE) in picture naming task. 
(Oldfield & Wingfield, 1965). The authors had found that naming latencies for 
pictures of common objects were faster for high frequency words than low frequency 
words. It was argued that word frequency (WF) could affect picture-naming latencies 
because the word had been accessed during the whole speech production process. 
The speed of accessing a frequently used word will be faster than that of an 
infrequently used one. Here a more general argument was made: whether a frequency 
effect of a processing unit could be found in a task depends on whether the unit was 
processed during the task. For instance, Levelt proposed that lemma and lexeme are 
the two processing units in speech production. Then, lemma frequency effect and 
lexeme frequency effect should be observed in speech production. These two effects 
have been demonstrated in a study (Jescheniak & Levelt, 1994) investigating the 
frequency effect of lemma and lexeme on production tasks (tasks required vocal 
responses). In Experiments 1,2 and 3，a lemma frequency effect was found in a 
picture-naming task, but not the picture recognition or delayed articulation task. It was 
concluded that the lexical access in speech production would be affected by lemma 
frequency. In Experiment 6, it was also found that the low frequency words were 
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named as fast as high frequency homophones in a translation task. In other words, 
lexeme frequency could affect the lexical access time during word production. 
Morpheme Frequency and Syllable Frequency in Chinese 
Since I was going to investigate whether morpheme and syllable are the 
processing units in lexical access of Chinese speech production, I would like to see 
whether the morpheme frequency (MF) as well as syllable frequency (SF) would 
affect the speech production. The operationalization of MF and SF was given below� 
There are different kinds of Chinese word frequency count like character 
frequency (CF) and word frequency (WF) available in literatures (e.g. Ho & Jiang 
1994). However, there has been no published frequency information for Chinese 
morphemes or syllables. One possible way to operationalize MF is to use the CF for 
estimation. However, in Chinese language, different morphemes may have the same 
orthographic form. Hence, character frequency (CF) may not be a valid indicator of 
MF. The present study thus used another alternative in defining MF: the frequency of a 
particular morpheme was counted as a sum of the frequency of words containing the 
morpheme. For instance, the MF of ‘狗’ (dog) was the sum of the frequency of “狗” 
(dog) and Vj�狗，(doggie) but not ‘熱狗，(hotdog) because the morpheme ‘狗，(dog) in 
‘熱狗’ (hotdog) has a different meaning. 
An estimation of SF was also needed in present study, but CF was neither a good 
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measure for SF. It was because a Chinese syllable might have different orthographic 
forms. In this study, frequency of a particular syllable was estimated by summing up 
the character frequencies of all the homophones. For instance, the syllable 'gau2' has 
eight different orthographic forms: ‘狗，,‘苟，，‘糾，，‘越’，‘久’，‘九’，‘跃’ and ‘韭’ • 
Hence, the SF of ‘gau2, was the sum of the frequency of all these eight homophones. 
Table 2 shows an example of MF and SF calculation. 
Table 2. MF and SF calculation of ‘狗’ 
Morpheme ‘狗，（dog) WF “ 
Words Containing Morpheme ‘狗, 狗(dog) 65 
小狗(puppy) 4 
MF 二 Total Frequency ^  
Syllable /gau2/ CT  








SF = Total Frequency 1194 — 
Millti-Task Experimental Design 
A multi-task experimental design was used in the present study. This design was 
useM in localizing the frequency effect in the stages of lexical access (Jescheniak & 
Levelt, 1994). The basic idea of this design is to compare results of different tasks 
using the same set of materials. Since different processes are involved in different 
tasks, it will be possible to rule out irrelevant processing and focus on a particular 
18 
processing. 
In the present study, the major interest was the processing of lexical access during 
speech production. A picture-naming task would be the core experiment in this study. 
Picture naming is one of the most frequently used experimental paradigms in speech 
production research because naming an object is very similar to natural speech. 
However, using only the picture-naming task is not a good way to investigate the 
lexical access of speech production. In a picture-naming task, three different processes 
are involved: object identification, conceptualization and lexical access. IfMFE and 
SFE were obtained in a picture-naming task, they may be contributed by processes 
other than lexical access, such as object identification and conceptualization. To 
ensure the MFE and SFE found were localized at the stage of lexical access, two 
supplementary experiments of picture matching and picture categorization were also 
conducted. In picture matching and picture categorization tasks, processes of object 
identification and conceptualization are also involved. However, lexical access is not 
necessary in these two tasks. Hence, MFE and SFE could be ruled out from the 
processes of object identification and conceptualization if no effect was found in the 
supplementary tasks. 
Experiment 1: Picture Naming 
In the first experiment, we would like to investigate whether the two different 
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types of word frequencies: MF and SF, would affect lexical access time in a picture-
naming task in Chinese. It was hypothesized that pictures with names of high 
morpheme frequency would be named faster. Similarly，pictures of high syllable 
frequency would also be named faster. In addition, since Levelt's model proposes that 
there are two processing units operating in two different stages, they will not interact 




Twenty-one students of an introductory psychology course at CUHK participated 
in this experiment for course credits. None of them participated in more than one 
experiment reported here. 
Materials and Design 
There were two independent variables manipulated in experiment 1, MF and SF, 
with two levels in each of these IVs (MF: High vs Low; SF: High vs Low). Picture 
names with MF higher than 30 in 1 million are classified as high morpheme frequency 
(HMF), and the rest are in the low morpheme frequency (LMF) group. Names with SF 
higher than 300 in 1 million are classified as high syllable frequency (HSF), and the 
rest are in the low syllable frequency (LSF) group. 
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As MF and SF were experimentally crossed, there were in total 4 conditions in 
this experiment. In each of the 4 conditions there were 20 pictures. These pictures were 
line drawings of simple objects fulfilling the following criteria: (a) pictures with 
monomorphemic, monosyllabic names, (b) pictures with at least 80% name agreement, 
which were based on an agreement test with 20 subjects, (c) though a match of word 
onset was impossible, the onset of each picture was checked to ensure no systematic 
difference across the 4 experimental conditions. See table 4 for an example of each 
experimental condition. 
Table 4. Stimuli used in Experiment 1 
High MF Low MF 一 
High SF Low SF High SF Low SF 
Example 涵 M U ^ 
Average MF 119.4 77.3 8.4 11�5 
Average loge (MF) 4.8 4.3 2.1 2.4 
Average SF 1590.4 152.0 1622.5 80.0 
Average log, (SF) 7A 4.4 
In addition to the experimental items, there were 10 practice pictures. All the 90 
pictures were line drawings produced by a design company using the photoshop 
graphic software. 
Due to the limited amount of materials, each of the 80 test items was presented 
three times, with all the practice items presented at the very beginning. Each 
participant will receive a total of 270 trials. Three pseudo-randomized sequences were 
constructed for the presentation of pictures so that: (a) repetition of a picture was 
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separated by at least 5 trials and, (b) no experimental item was preceded by an item of 
the same category, an item sharing the same syllable, or an item which could be used to 
form a word with the experimental item. Each sequence was given to a different group 
of participants. 
The experimental design was a 2 x 2 within-subject designs, with MF and SF as 
the main factors. 
Apparatus 
The pictures were presented in an Apple PowerMac computer using Psyscope. A 
microphone was connected to a serial response box to collect the participants' naming 
latencies. The computer controlled the presentation of the stimuli and recorded the 
response times in millisecond by the means of a voice-activated relay. Pictures were 
sized into 7.5cm x 7.5 cm for presentation. 
Procedure 
Before the experiment began, participants were first given the instruction of the 
experiment. They were asked to correctly name the pictures presented at the center of 
the computer as accurately and fast as possible. To ensure they would give a consistent 
picture name for each object, they had to go through a booklet of pictures with the 
common name of the picture before the experiment. Participants were required to use 
the list of names to make their vocal responses in the experiment. A practice block 
22 
with 10 practice trials was given at the start of the experiment. Then the experimental 
trials, consisting of240 pictures, began. There was a 5-min break after half of the trials 
were presented. 
In each trial, a fixation + was presented for 500ms first. Following a blank of 
1000ms, a picture was presented in the middle of the screen. The timer started 
simultaneously with the presentation. The picture disappeared if a vocal response was 
given or 2000ms passed. Then the next trial would start after 1500ms�Response 
latencies were recorded by the computer. The experimenter sat beside the participant 
to record incorrect responses and incidental triggers of the voice. 
Results and Discussion 
RTs of incorrect responses and trials in which the voice key malfunctioned were 
removed. Also, RTs shorter than 250ms or longer than 2000ms or which deviated from 
a participant's mean and an item's mean by more than 3 standard deviations were 
excluded. 2.6%, 3.2%, and 1.0% of data were consequently deleted in this way. The 
errors were distributed equally across four conditions. 
Each picture had been repeated three times because of the limited number of 
materials. A main effect of repetition was found, and it did not have significant 
interaction with MF and SF. Hence observations were averaged across the three 
repetitions. 
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Table 3. Mean reaction times (in msecs) in each condition 
MF (High vs Low) SF (High vs Low) Naming Latency 
Hi^h High 6 7 ^ 
High Low 680.4 
Low High 696.8 
Low Low 735.0 
2 x 2 ANOVAs were performed for the naming latencies, with MF, SF as the IVs. 
Naming latencies for pictures with low morpheme frequency (LMF) names were 
39.0ms slower than pictures with high morpheme frequency (HMF) names. This MF 
Effect was reliable, Fl(l ,20) = 83.26, p < .05, MSE =1118; F2(l,76) = 11.98, p < � 0 5 , 
MSE = 7630. RTs for low syllable frequency (LSF) names were also 22.7 ms slower 
than those of high syllable frequency (HSF). Again this difference was reliable, 
Fl(l,20) = 22.97, p < .05，MSE = 1240; F2(1.78) = 4.04, MSE = 7630，p < .05. 
Though we had not hypothesized the interaction effect between MF and SF, we 
would still like to see if any interested pattern showed. It was found that the interaction 
between MF and SF was only significant in subject analysis, Fl(l ,20) 二 12.04，p < .05, 
MSE = 1058; but not in item analysis F2(l,76) 二 1.883, p < .05, MSE = 7630. 
In this experiment, picture names with HMF were named faster than LMF ones. 
A reliable MFE of 39ms was found. Also, picture names with HSF were named faster 
then LSF ones, and a reliable SFE of 28ms was found. The interaction between HMF 
and LMF was significant in subject analysis, but not in item analysis. 
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Clear MFE and SFE were obtained in the present experiment. It provided the first 
piece of evidence that morpheme and syllable are the processing units of lexical access 
in Chinese speech production. As discussed above, the picture-naming task involved 
three different processes: object identification, conceptualization and lexical access. 
Hence, it is possible that MFE and SFE obtained in the present experiment could be 
caused by object identification or conceptualization instead of lexical access. Before I 
assert that the loci of the MFE and SFE obtained are at the stage of lexical access, I will 
try to rule out that possible contribution of object identification or conceptualization 
processing to the MFE and SFE found. In experiment 2, a picture-word matching task 
was used to rule out the possible contribution of those two irrelevant processes. 
Beside the MFE and SFE found, the interaction between MF and SF was also 
significant in subject analysis, but not in item analysis. As the interaction was not 
reliable across both the item analysis and subject analysis, it was not strong evidence 
against Levelt's model. 
Experiment 2: Object Recognition 
In this experiment, a picture-word matching task was used to rule out the 
possibility that MFE and SFE found in experiment 1 were due to the processes of 
object identification and conceptualization. In this task, participants first saw a word 
immediately followed by a picture. They had to decide whether the word denoted the 
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picture by pressing a yes or no button. To accomplish this task, participants had to 
visually analyze the pictures and retrieve the concept of that picture. Hence, both the 
processes of picture identification and conceptualization were needed. If MFE or SFE 
were not found in this task, we could conclude that lexical access was the locus of 
MFE and SFE. 
Method 
Participants 
Thirty students of an introductory psychology course at CUHK participated in 
this experiment for course credits. 
Materials and Design 
The 80 pictures used in Experiment 1 were used as target pictures again. Each 
picture would be repeated twice, once for a yes trial and once for a no trial. Hence there 
would be 80 ‘yes’ trials and 80 ‘no’ trials. Another 10 pictures were also included for 
practice trials, with half of them in ‘yes，trials and half of them in ‘no’ trials. Two 
different pseudorandomized sequences were constructed with the same constraints in 
Experiment 1. 
It was a 2 X 2 X 2 within-subjects design, with MF (H vs L), SF (H vs L) and 
Response Type (Y vs N) as the independent variables. 
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Apparatus 
Except that a serial response box was used, the other things were the same as 
Experiment 1. Two buttons were be used, one for yes response and one for no response. 
The yes button was assigned for the participant's dominant hand. The words were 
presented in Li Sung Light 48 font. 
Procedure � 
Participants were asked to judge whether the picture matched the word presented. 
In each trial, a word was presented in the center of the screen for 1000ms. After a blank 
of 500ms, the picture was presented for 2000ms. The timer started simultaneously 
with the presentation. The picture disappeared when the participant pushed a button or 
2000ms passed. Then the next trial started after 1500ms. Push-button response 
latencies were recorded by the computer. 10 practice trials were given at the beginning 
of the experiment. 
R隱h s and Discussion 
RTs of incorrect responses and trials in which the key button malfunctioned were 
removed. Also, RTs shorter than 250ms or longer than 2000ms or response latency 
deviating from a participant's mean and an item's mean by more than 3 standard 
deviations were considered as outliers and were excluded. 2.5%, 1.0%, and 0.6% of 
data were deleted in this way. Table 4 showed the mean reaction times of each 
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condition. The errors distributed equally among different conditions. 
Table 4. Mean reaction times (in msecs) in each condition 
Response Type (Yes vs No) 
Yes No 
MF (High vs Low) SF (High vs Low) 
High High 442.9 508.7 
High Low 447.8 518.0 
L ^ High 444.4 517.0 
Low Low 443.7 524.3 
2 x 2 x 2 ANOVAs with Response Type, MF and SF as IVs were performed for the 
response latency. As expected, mean RT for yes trials were 72.3ms faster than that of 
no trials (Yes: 444.7ms; No: 517.0ms), Fl(l,29) = 110.72, p < .05, MSE = 2829; 
F2(l,152) = 95.04, MSE = 2202, p < .05. RTs for HMF items were not significantly 
different from those of LMF, F 1(1,29) = 1.81, p > .05; F2(l,152) < 1, p � . 0 5 . SF was 
not significant either: Fl(l,29) = 1-79, p > .05; F2(l,152) < l , p > .05. All the two-way 
and three-way interactions were not significant. 
These results suggested that there was no MFE or SFE in picture-word matching� 
Only the expected response type difference (Y vs N) was found in this experiment. 
However, the absence of any main effect might due to an imagery strategy. To 
understand this strategy, you could think about how the experiment ran. In each of the 
experimental trials，participants would first see a printed name for 1000ms. After a 
blank of 500ms, the target picture would be presented. They could start their response 
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at the same time. The response time was supposed to measure the time to identify and 
conceptualize the picture. However, a total time of 1500ms was given in each trial. 
This time is long enough for them to form a visual image representing the printed 
name. Once the image was formed, participants could judge whether their image was 
similar to the target picture. By employing this strategy, the response latencies would 
be affected by how easily the picture could be imagined. Any reliable effect MF and 
SF may be masked by the effect of the imageability of the picture. 
To overcome the problems of experiment 2, a picture categorization task was 
used in experiment 3 in testing whether MFE and SFE found in experiment 1 were 
actually due to the stage of object-identification and conceptualization. 
Experiment 3: Picture Categorization 
The results of Experiment 2 were not clear enough to draw a conclusion. Hence, 
another experiment was conducted to test whether MFE and SFE occurred at the stage 
of object-identification or conceptualization. To avoid the possible image-preparation 
strategy employed by participants, a picture categorization task was used in this 
experiment. In the picture categorization task, participants first saw a category name 
immediately followed by a picture. They had to decide whether the picture belonged to 
the category by pressing a yes or no button. As processes of object identification and 
conceptualization were also involved in the picture categorization task, we could again 
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manipulate MF and SF to see if these two frequencies would affect the reaction time. 
There was another manipulation added in this experiment to avoid the null-effect 
problem in experiment. 2. In previous experiment, most of the main effects and 
interactions were insignificant. Though null-effect was expected according to the 
hypotheses, we could not rule out the possibility that the experiment was poorly 
designed so that no effect would be found. Hence, another manipulation was 
introduced in Experiment 3. It was commonly known that masking of a stimulus 
would slow down the recognition process. In this experiment, the pictures were 
presented either in unmasked form or masked form. The purpose of this manipulation 
was to avoid a null effect result. 
Method 
Participants 
Twelve paid participants recruited from CUHK participated in this experiment. 
Materials and Design 
The same 80 pictures used in Experiment 1 were used as target pictures again. 
Half the pictures were used for 'yes’ trials and half of them were used for ‘no，trials. In 
order to avoid the same pictures appearing too many time in this experiment, there 
were some changes in the experimental design: There were still 20 pictures in each 
condition, but MF and SF were no longer experimentally crossed. MF was only 
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manipulated with the 'yes' trials，while SF was only manipulated within the ‘no, trials. 
In the 'yes' trials, pictures were divided into a HMF and LMF group, controlled for the 
SF. In the ‘no’ trials, pictures were divided into a HSF and LSF group, controlled for 
the MF. See table 5 for an example of different trials. 
Table 5. Example of stitnuli used in Experiment 3 
- H W HSF L ^ ^ 
Picture 狗 狼 粽 扇 
Category 動物 動物 動物 動物 
Correct Response Y Y N N 
Averaged loge(MF) 4.2 2 3.17 3.02 
Averaged loge(SF) 5.58 5.81 6.56 4.75 
In addition, each picture was repeated twice. It was presented once in an original 
form, and once in a masked form. The mask was made up of different geometric shape. 
Hence there were totally 80 'yes' trials and 80 ‘no’ trials. Another 10 pictures were 
included for the 20 practice trials, with half of them presented without masking and 
half of them presented with masking. Two different pseudorandomized sequences 
were constructed with the same constraints as in Experiment 1. 
There were two different parts in the present experiment. For the Yes trials, it was 
a 2 X 2 within-subjects design with MF and Masking as the factors. For the No trials, it 
was also a 2 x 2 within-subjects design with SF and Masking as the factors� 
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Apparatus 
All were the same as in experiment 1. The words were presented in Li Sung Light 
48 font. 
Procedure 
Participants were asked to judge whether the picture belonged to the category 
name presented. In each trial, a category name was presented in the center of the 
screen for 1000ms. After a blank of 500ms, the picture was presented for 2000ms. The 
timer started simultaneously with the presentation. In unmasked condition, the target 
picture would be presented alone. In masked condition, the mask would be presented 
simultaneously with the picture. The picture disappeared if the participant pushed a 
button or 2000ms passed. Then the next trial started after 1500ms. Push-button 
response latencies were recorded by the computer. Twenty practice trials were given at 
the beginning of the experiment. 
Results and Discussion 
RTs of incorrect responses and trials in which the key button malfunctioned were 
removed. Also, RTs shorter than 250ms or longer than 2000ms or if a response latency 
deviated from a participant's mean and an item's mean by more than 3 standard 
deviations were considered as outliners and were excluded. 5.3.%, 0.0%, and 0.0% of 
data were deleted in this way. The errors were distributed equally among different 
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conditions. Table 6 showed the means of each condition. 
Table 6 Mean reaction times (in msecs) in Experiment 3 
Masking (Masked vs No Mask) 
Response Type Masked No Mask 
^ H W 692.8 60^5 
LMF 694.6 597.0 
HSF 746.6 669.4 
LSF 727.6 633.1 
For the Yes Items, the two IVs were MF and Picture Masking. A 2 x 2 ANOVA 
was performed on the response latencies. MF effect was not found, Fs = < 1, p > .05. 
Response latencies for masked pictures were 93ms slower than unmasked ones. The 
masking effect was reliable, F l ( l , l l ) = 28.56, p < .05’ MSE 二 3626; F2(l,38) = 11.26, 
MSE = 17039, p < .05. The interaction between MF and Masking was not significant, 
F s < l , p > . 0 5 . 
SF and Picture Masking were the two IVs of the No items. Another 2 x 2 ANOVA 
was performed. No SF effect was found, Fs 二 < 1, p � . 0 5 . Again, a robust masking 
effect was found, F l ( l , l l ) = 44.17, p < .05, MSE = 1981; F2(l,38) 二 12.07，MSE = 
11986, p < .05. No significant interaction between SF and Masking was found, Fs < 1, 
p>.05 . 
In this experiment, picture categorization time for HMF and LMF was nearly the 
same, and response times for HSF and LSF did not differ significantly. MFE and SFE 
found in Experiment 1 were not found in this experiment. A reliable masking effect of 
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magnitude of 100ms was shown in the present experiment. 
In three experiments, MFE and SFE were investigated in three different tasks. In 
experiment 1, MFE and SFE were found in a picture-naming task. In experiment 2, 
these two effects disappeared in a picture-word matching task. In experiment 3, again 
the two frequency effects were not found in a picture categorization task. Both 
experiment 2 and 3 excluded that possible contribution from object identification and 
conceptualization to the MFE and SFE found. Taking all the three experiments 
together, we could conclude the loci of MFE and SFE found were at the stages of 
lexical access. 
By comparing the three experiments, it was concluded that lexical access was the 
major contribution of MFE and SFE found in picture naming. It suggested the 
possibility that morpheme and syllable are the two processing units of lexical access in 
Chinese speech production. However, MF and SF of the stimuli used in Exp 1 to Exp 3 
were not independent. As noted in table 2, the calculation of SF would always include 
the MF of a word. It meant that MFE and SFE found in this part of study were not pure 
effects. They were overlapping with each other. 
In addition, the pattern of the interaction of between MF and SF was not 
consistent. Reliable interaction was found in subject analysis, but not item analysis in 
Expt 1. In other words, it is unclear whether the processing involving morpheme and 
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syllable are overlapping or not. This finding could not testify the independence of 
morpheme and syllable processing during speech production. 
These results partially favor Levelt's model account for speech production. The 
finding was consistent with the view that there were two different processing units, 
morpheme and syllable, in the Chinese speech production. These two processing units 
match the two processing units, lemma and lexeme, proposed in Levelt's model. On 
the other hand, it was not clear that whether the processes of morpheme and syllable 
are independent and non-overlapping. 
Part 2 Picture-Word Interference Task 
In the first part of the study, it was found that morpheme and syllable were two 
processing units in lexical access of Chinese speech production. In the second part of 
the present study, I would like to investigate the processes of the Chinese speech 
production. In particular, what processes are involved in lexical access of Chinese 
speech production? 
According to Levelt's model, there are two sequential stages of lexical access for 
speech production: the lexical selection stage and the word-form encoding. In the first 
stage, semantic and syntactic information were processed. These two kinds of 
information were then encoded into phonological information during the word-form 
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encoding stage. In other words, Levelt's model proposed that semantic and syntactic 
information precede phonological information. Is it the same for Chinese language 
production? 
To study the processes involved in language production, most researchers have 
employed the picture-word interference task. In this task, a picture and a word are 
presented in the same experimental trial. The picture and the word are superimposed 
with each other. The word is also called the distractor and the picture is called the 
target picture, since participants are instructed to ignore the word and name the picture 
as fast as possible. In this task, usually the picture-distractor relatedness, as well as the 
SOA will be manipulated. Picture-distractor relatedness is how the distractor is related 
to the picture. For instance, a semantic distractor is a word semantically related to the 
picture name, and a phonological distractor is a word phonologically related to the 
picture. Despite the fact that distractors are ignored in the task, picture-naming times 
can be affected by the distractors. Research had demonstrated that picture naming time 
was slower when a semantic distractor was superimposed on the picture, compared to 
an unrelated distractor. This is also known as the semantic interference effect 
(Starreveld & La Heij, 1995, 1996). It was also found that a phonological distractor 
could speed up the picture naming, compared with an unrelated distractor. This effect 
was known as the phonological facilitation effect (Meyer & Schriefer, 1991). 
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Semantic interference and phonological facilitation found in this task indicated that 
semantic information and phonological information were processes in our speech 
production. 
Another useful manipulation in a picture-word interference task was the 
stimulus-onset asynchrony (SOA) between the picture and the task. In a picture-word 
interference task，the picture and the word may not appear at the same time on the 
screen. Conventionally the picture onset time will be used as the reference time. It 
means that a positive SOA indicated the presentation of the picture precedes the word, 
while a negative SOA indicated the word was presented before the picture. When the 
picture and the word are presented simultaneously, the SOA is said to be 0. 
In studies using picture-distractor interference task, it was found that semantic 
interference and phonological facilitation vary across different SOAs. Semantic 
interference was found at negative SOA to zero SOA. It means that when the distractor 
word was presented first, semantic interference was obtained. On the other hand, 
phonological facilitation was obtained at zero SOA to positive SOA, in which the 
distractor was presented after the onset of picture. When we see the target picture and 
name it, semantic information and phonological information about the picture name 
will be activated. It is clear that semantic interference occurs earlier than phonological 
facilitation. Hence it indicates the early processing of semantic information and the 
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late processing of phonological information. 
The time-course of the activation of semantic and phonological information is 
consistent with Levelt's model. According to the model, the semantic information of a 
word is activated, followed by the activation of the phonological information. Hence 
the picture-word interference task is useful in studying the time-course of activation of 
different information during lexical access of speech production. (A detailed 
explanation for the semantic interference and phonological facilitation by Levelt's 
model could be found in Roelofs ,1992, 1996, 2000; Levelt, Roelofs & Meyer 1999) 
In this part of the study, two experiments using picture-word interference were 
conducted to study the processes of lexical access in Chinese speech production. In 
experiment 4, the effect of semantic, phonological and orthographic distractors on 
picture naming was explored with fixed SOA at 0. In experiment 5, SOA was varied to 
investigate the time-course of different processing involved in lexical access of speech 
production. Here I wanted to note that most of the studies only included the semantic 
and phonological distractors. In the present study, orthographic distractors were also 
included. In research studies investigating Chinese lexical access, orthographic effect 
had been demonstrated in tasks like word recognition and lexical decision. However, 
currently there is no research investigating the processing of orthographic information 
in Chinese speech. In this study the orthographic effect will be investigated in a 
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naming task in which the processing of orthographic form was not obligatory. In the 
past studies, orthographic facilitation had also been demonstrated in picture-word 
interference tasks (Starreveld & La Heij, 1995, 1996). Since orthography and 
phonology are confounded in Dutch and English, orthographic and phonological effect 
could not be studied separately. In Chinese however, phonology is not confounded 
with orthography. Hence the activation of orthographic and phonological information 
during speech production could be independently investigated in a picture-word 
interference task. 
Experiment 4: Picture-Word Interference Task 1 
In this experiment, we would like to see what types of information were activated 
during speech production, using a picture-word interference task. 3 types ofpicture-
distractor relationship were studied: orthographic, semantic and phonological. An 
orthographically similar distractor was defined as a character which shared 50% with 
strokes of the target. A semantically related distractor was defined a word which is a 
member of the semantic category of the target word. A phonologically related 
distractor was word whose syllable shares some phonological features with the target. 
As Chinese syllables can be divided into sub-syllabic units of vowel, rime as well as 
tone, different phonological distractors were constructed to test which those sub-
syllabic units were involved during lexical processing of speech production. A 
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phonological distractor was a syllable which shared any two of these three features. 
Hence three logically possible types of phonological relationship were defined: 
onset-rime (OR), onset-tone (OT) and tone-rime (TR). An OR distractor was a word 
which shared the onset and rime but not the tone with the picture name. An OT 
distractor shared the onset and tone but not the rime with the picture name, while a TR 
distractor shared the tone and vowel but not the onset. Table 6 showed an example for 
each distractor type. Homophones which share all the onset, rime and tone with target 
pictures were not used because participants might simply read the homophonic 
distractor word instead of naming the picture. Table 7 shows some examples of 
different distractor types. 
Table 7 Examples of Stimuli used in Experiment 4 
Distractor  
Target Semantic Orthography OR OT TR Unrelated 
橙 蕉 燈 撐 取 省 課 
Meaning Orange Banana Lamp Support Take Save Lesson 
Phonetics /chaang2/ /jiul/ /dangl/ /chaangl/ /chui2/ /saang2/ /foh3/ 
The results of the experiment 4 were predicted according to Levelt，s model, 
which asserts that both semantic and phonological information are activated during 
speech production. It was hypothesized that an interference effect would be obtained 
with the semantic distractor. It was also hypothesized that one or more of the 
phonological distractors would produce facilitation. It was hypothesized that 
orthographic effect would be obtained in this experiment, but the direction is not clear. 
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Participants 
Twenty-eight paid participants recruited from CUHK participated in this experiment. 
Materials and Design 
Twenty line drawings of common objects were selected from the 80 pictures used 
in Experiment 1. For each picture, five distractor types, the semantic, orthographic, 
OV, OT and TV were prepared. Finally, an unrelated word was selected as a control. 
This yielded a total of 120 picture-distractor combinations (20 pictures x 6 conditions). 
All distractors were monomorphemic monosyllabic words, and their mean number of 
strokes and word frequencies were matched across the 6 conditions. Two 
pseudorandomized sequences were prepared with similar constraints mentioned in 
Experiment 1 • 
The experimental design is a within-subject design with one within factor: 
picture-distractor relationship. There were 6 levels for this factor (Semantic, 
Orthographic, OR, OT, TR and Unrelated). 
Apparatus 
All things are the same as in experiment 1. The distractor words were presented in 
Li Sung Light 48 font. 
Procedure 
At the beginning of the experiment, they were familiarized with the set of 
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experimental pictures by viewing each picture for 2000ms with the picture name 
printed below each picture. A practice block was administrated in which each of the 20 
target pictures appeared once while the participants had to give the name of the picture. 
Response other than the expected one was corrected by the experimenter. Next, a 
second practice block was given in which pictures were presented with an unrelated 
word placed at the center of it. Participants were asked to ignore the word and give the 
name of the picture as soon as possible. Finally, 120 experimental trials started. 
In each experimental trial, a fixation cross was presented at the center of the 
screen for 500ms. After a blank of 500ms, the target picture was presented 
simultaneously with the distractor word. Participants were instructed to name the 
picture as soon as possible through the microphone. The picture and the word would 
disappear as soon as the participant made a vocal response, or if 2000ms passed. 
Following each naming response, the experimenter judged the response to be either 
correct or incorrect by typing a code into the computer. The next trial would start after 
a 1000ms interval. 
Results and Discussion 
RTs of incorrect responses were excluded. Next, trials in which the voice key 
malfunctioned were removed. Also, RTs shorter than 250ms or longer than 2000ms or 
response latency deviating from a participant's mean and an item's mean by more than 
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3 standard deviations were considered as outliners and were excluded. 2.6%, 0.0%, 
and 0.2% of data were deleted in this way. Table 6 showed the means of each condition. 
The errors were distributed equally among different conditions. 
Table 8 Mean RTs across R types of distractors 
Picture-Distractor Relationship 
Unrelated Orthographic Semantic OR OT TR 
645.55 612.39 676.32 619.19 634.79 645.85 
Naming latencies were submitted to an ANOVA with one within subject factor. There 
was reliable difference found among the 6 conditions, Fl(l,19) = 17.59, MSE 二 821, p 
<.05; F2(5,95) = 6.50, MSE 二 1601, p < .05. The major interest here was to see if the 
RTs in the Unrelated condition were different from RTs in each of the rest of the 
conditions. Newman-Keuls pairwise comparison was used to compare the reaction 
time in different conditions. It was found that the 33ms facilitation in OR condition, 
30ms facilitation in orthographic condition and the 27ms interference in semantic 
condition was significant when compared with the unrelated condition, (ps < 0.05) OT 
and TR conditions did not reliably differ from the unrelated condition. 
In this experiment, 27ms interference was found for the semantic distractor. 
Hence a semantic interference was demonstrated in this experiment. Among the three 
phonological distractors, a facilitation of 33ms was only found in the OR condition, 
43 
but not the OT or the TR condition. Hence phonological facilitation was obtained with 
the distractor which shared the onset and the rime with the target picture. Interestingly, 
a facilitation of 30ms was also found with the orthographic distractor. 
From the results, it was clear that semantic processing is present in the Chinese 
speech production. Also, phonological processing is also involved in the Chinese 
speech production. It was consistent with Levelt's model that proposed lexical 
selection and word-form encoding as the two stages of lexical access. In the first stage, 
lexical selection, semantic information is processed. In the second stage, word-form 
encoding, phonological information is processed. This experiment had demonstrated 
both kinds of information were activated during speech production. 
As mentioned above, semantic interference had been reported in studies using 
picture-word interference tasks (Starreveld & La Heij, 1995, 1996), and phonological 
facilitation had been demonstrated as well (Meyer & Schriefer, 1991). Hence this 
experiment also replicated these two findings in a picture-naming task using Chinese 
language. 
In this experiment, it was also found that only the phonological distractor OR 
produced a facilitation effect, but not the OT or the TR distractors. It was clear that 
subsyllablic unit onset or rime alone was not strong enough to produce the 
phonological effect obtained. In other words, the phonological effect obtained in 
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present experiment was an effect based on syllable rather then sub-syllablic units. 
This result supported the view that syllable is the phonological processing unit 
during the lexical access stage of speech production. To speak a Chinese word, both 
the syllable as well as the sub-syllablic level of representation will be involved, but in 
different stages of processing. Syllable, as suggested above, is probably the unit of the 
word-form encoding stage. Sub-syllablic units like onset and rime are probably the 
processing units of the articulation stage. As picture-word interference task focuses on 
the lexical processing of speech production, the phonological effect obtained on the 
syllable level agreed with that notion. The sub-syllabic level of phonological 
processing was not captured in this task. 
An orthographic facilitation was also found in this experiment. How do we 
explain this finding? Some studies had reported an orthographic facilitation in a 
picture-word interference task (Starreveld & La Heij, 1995, 1996). However, those 
studies were conducted in Dutch, in which the orthography and phonology are 
confounded. Hence it was possible that the orthographic facilitation was partly due to 
the phonological facilitation. Even the authors had commented that the orthographic 
facilitation found was not a 'pure' orthographic effect. In Chinese, orthography and 
phonology is not confounded, hence the orthographic facilitation obtained was not the 
same as the orthographic-phonological facilitation obtained in those past studies�It 
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was a 'pure' orthographic effect. Yet, no immediate explanation could be offered up to 
this point. Instead, different possible explanations were tested in experiment 5. 
Rxperiment 5: Picture-Word Interference Task 2 
In the previous experiment, it was found that semantic, phonological and 
orthographic information were activated during speech production. In this experiment, 
the time-course of these factors were studied by varying the SOA between the picture 
and distractor word. Since this was an exploratory study of the time course in Chinese 
speech production, 5 levels of SOA with 100ms increment were selected: +200ms, 
+100ms, 0ms, -100ms and -200ms to cover time-course in which most important 
stages of speech processing occur. 
According to Levelt's model, a semantic effect should be obtained in early 
processing of speech production, while a phonological effect should be found after the 
semantic effect. It was hypothesized that semantic interference would be found in 
negative SOAs, while phonological facilitation would be found in positive SOAs. 
Again, no special prediction on orthographic effect was made prior. 
Participants 
Twenty-five paid participants recruited from CUHK participated in this 
experiment. 
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Materials and Design 
This experiment was a modification of Experiment 4. The same 20 pictures in 
Experiment 4, and conditions of semantic, orthographic, OR and control were 
included in the present experiment (OR condition would be called the syllabic 
condition here). Hence, there were totally 80 picture-distractor combinations. (20 
pictures x 4 conditions). 
The experimental design included two within-subject variables, namely SO A 
with five levels (-200ms, -100ms, 0ms, + 100ms and +200ms), and target-distractor 
relation with 4 levels (unrelated, semantically related, orthographicly related and 
syllabically related). The order in which participants received SOA blocks was 
balanced according to a Latin square design. Items were presented in 
pseudorandomized sequences according to the constraints mentioned in Experiment 1. 
Apparatus 
Same as Experiment 4. 
Procedure 
At the beginning of the experiment, they were familiarized with the set of 
experimental pictures by viewing each picture for 2000ms with the picture name 
printed below it. A practice block was administrated in which each of the 20 target 
pictures appeared once while the participants had to give the name of the picture. 
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Response other than the expected one was corrected by the experimenter. Next, a 
second practice block was given in which pictures were presented with an unrelated 
word placed at the center of it. Participants were asked to ignore the word or the cross 
sign and give the name of the picture as soon as possible. Finally, the five experimental 
blocks were carried out with 80 trials in each block. Breaks were given between each 
block. 
In each experimental trial, a fixation cross was presented at the center of the 
screen for 500ms. After a blank of 500ms, the target picture was presented. Depending 
on the SO A block, the distractor word would appear at the center of the picture at 
varying intervals before or after the picture onset. The distractor would be replaced by 
a cross after 200ms. Participants were instructed to name the picture as soon as 
possible through the microphone. The picture and the word or the cross sign would 
disappear as soon as the participant made a vocal response, or 2000ms passed. 
Following each naming response, the experimenter judged the response to be either 
correct or incorrect by typing a code into the computer. The next trial would start after 
a 1000ms interval. 
Results and Discussion 
RTs of incorrect responses were excluded. Next, trials in which the voice key 
malfunctioned were removed. Also, RTs shorter than 250ms or longer than 2000ms or 
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response latency deviating from a participant's mean and an item's mean by more than 
3 standard deviations were considered as outliers and were excluded. 2.6%, 0.5%, and 
1.50/0 of data were deleted in this way. The errors distributed equally among different 
conditions. Table 9 showed the means of RT in each distractor condition across 
different SOAs. 
Hktr actor relation shin and 5 SOA in 
Fxperiment 5 
SOA Unrelated Orthographic Semantic Phonological 
： ^ 5 9 ^ 586.57 622.21* 598.61 
-100 600.93 573.96* 615.18* 593.36 
0 608.42 583.97* 630.06* 591.39* 
+100 595.11 575.90* 601.78 577.00* 
+200 572.38 558.41* 566.88 560.31* 
* significantly different from unrelated distractor 
Naming latencies were submitted to within-subjects ANOVAs with SOA (5 
levels) and picture-distractor relationship (4 levels) as the two within factors. The 
main effect of SOA was significant, F 1(4,96) = 14.46, MSE = 1731，p < .05; F2(4,76) 
=44.57, MSE = 457, p < .05. The effect of the picture-distractor relationship was also 
significant, Fl(3,72) - 44.15, MSE = 528，p < .05; F2(3,57) 二 20.88，p < .05�The 
interaction between SOA and picture-distractor relationship was also significant, 
Fl(12,288) - 3.53, MSE = 387, p < .05; F2(12,228) 二 3.12, MSE 二 645, p < .05. 
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Within each SOA group, Newman-Keuls pairwise comparison was used to compare 
the unrelated condition with the semantically, orthographicly and syllabically related 
condition. Reliable semantic interference was found ranging from SOA of-200ms to 
0ms, orthographic facilitation was found ranging from SOA of-100ms to +200ms, 
and syllabic facilitation was found ranging from SOA of 0ms to +200ms. All the other 
comparisons were not significant. Figure 2 showed the effects of different distractors 
across SOAs. 
I Figure 2. Effects of Orthographic, Semantic and 
Phonological Distractors Across SOAs 
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SOA 
In this experiment, semantic interference, phonological facilitation and 
orthographic facilitation were found. These effects varied across different SOAs. 
Semantic interference was only found from -200ms to 0ms, phonological facilitation 
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was only found in 0ms to +200ms, while orthographic facilitation was found within 
the range of-100ms to +200ms. The findings replicated the results of experiment 4. In 
experiment 4, semantic interference, phonological facilitation and orthographic 
facilitation were obtained when the pictures were presented simultaneously with the 
distractors. A similar result was obtained in the 0 SOA condition in experiment 5. The 
findings on semantic interference and phonological facilitation will be discussed first， 
and then I will turn to the discussion to the interesting finding of orthographic 
facilitation. 
Semantic interference was obtained at negative SOAs, while phonological 
facilitation was found only at postive SOAs. This supported the hypothesis made 
regarding the time-course of semantic and phonological processing, in which semantic 
processing precedes phonological processing during Chinese speech production. This 
finding was consistent with Levelt's stage model, which proposed a semantic 
processing, lexical selection, occurs earlier than a phonological processing, word-form 
encoding. 
However, Levelt's model did not predict a pure orthographic facilitation which 
was independent of the phonology. What is the nature of the orthographic facilitation? 
Three hypotheses were suggested here: the radical priming hypothesis, the co-
activation hypothesis and the orthographic form hypothesis. 
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The first hypothesis was called the radical priming hypothesis. In this experiment, 
distractor words were single characters. 96% of the Chinese characters are made up of 
different subunits, or radical (Taft & Zhu, 1997). A common type of Chinese character 
is made up of two different radicals: a radical denote the meaning and a radical 
denoting phonetic. For example, the character 貓（cat) is consist of two different 
radicals: and 苗.The first radical means 'cat-like' which is related to the meaning 
of the character, while the second radical 苗 reads / miu4 / which is phonologically 
similar to the pronunciation of the character 貓 / maaul /. 
As orthographic distractor was defined as a word which shares at least 50% of the 
target word, it was quite possible that the orthographic distractor (e.g.描）and the 
target word (e.g.貓）have a common radical (苗).In this example, the common radical 
(苗，/ miu4 /) is phonologically similar to the target name (貓，/ maaul /)• Hence, the 
naming of the picture may be primed by the radical in the distractor instead of being 
primed by the whole character. If this hypothesis is true, the orthographic facilitation 
obtained is actually a result of radical priming of the target naming instead of a pure 
orthographic effect. 
To test this hypothesis, the data of experiment 5 were re-analyzed. First, the 
materials were examined, and there were 6 orthographic distractor-picture pairs 
sharing a common radical which was phonologically similar to the distractor or the 
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pictures.(橙-燈，煆-假，貓-描，豹-灼，蛇-陀，碗-蜿).To avoid the possible 
radical priming effect, these 6 pairs were excluded and similar analysis was done on 
the remaining 14 items. Despite the reduction in item numbers, orthographic 
facilitation was still found across the SOAs from -100ms to +200ms. Hence it ruled 
out the hypothesis that orthographic facilitation was a result of radical priming. 
The second hypothesis was the co-activation hypothesis, which was suggested by 
Roelofs, Meyer & Levelt (1996). In models of visual word recognition, perceived 
written words will not only activate their own orthographic representations, but also 
the words which are orthographicly similar. For example, when the word "head" is 
perceived, words which are orthographicly similar to "head" (such as “dead”，“read，，， 
"heat") will also be activated. In this study, the word distractors in the picture 
distractor tasks were orthographicly similar to the target words, the word distractors 
might activate the picture names and lead to a faster naming latency. 
This hypothesis assumed that a perceived written word will activate the 
orthographicly similar words. Research in Chinese word recognition showed 
inconsistent results regarding the co-activation hypothesis. In a study of priming 
lexical decision, a prime character was presented 50ms and 500ms before the target 
character appear (Cheng & Shih, 1988). According to the hypothesis, a visually 
similar prime should activate the target character to some degree, which in turn should 
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facilitate the lexical decision time. However, it was found that visually similar prime 
did not facilitate the lexical decision on the target character. This finding was 
inconsistent with the co-activation hypothesis. On the other hand, in a study of 
Chinese character naming, it was found that an orthographic mediated prime 
(描,which is orthographicly similar to 貓)facilitated the naming of a target (狗 which 
is semantically related to the 貓）（Zhou & Marslen-Wilson, 1999). The authors argued 
that the presences of an orthographic prime (描)activated partially the semantic 
representation of any characters with similar orthography (Iffi). The activation of the 
semantic prime (貓） f a c i l i t a t e s naming of a target sharing semantic properties 狗.It 
seemed that the co-activation hypothesis lacks consistent empirical support. 
The third hypothesis suggested here was the orthographic form hypothesis. I 
would like to argue that orthographic information was present in the word-form 
encoding stage of Chinese speech production. From the results of experiment 5, it 
could be noticed that facilitation was obtained with an orthographic and phonological 
distractor. The magnitudes of the facilitation were also very similar: both are between 
20-30ms. The only difference was that orthographic facilitation started in -100ms 
SOA, but phonological facilitation effect started only at 0ms SOA. The results had 
suggested that the processing of orthographic information and phonological 
information were very similar in Chinese speech production. I suggested that actually 
54 
both the orthographic and phonological facilitation were contributed by the word-form 
encoding. In other words, orthographic information was processed during the process 
of word-form encoding stage of speech production. 
Even if this hypothesis was adopted, it still could not explain why orthographic 
facilitation was found in an earlier SOA than that of phonological facilitation. Here I 
would try to relate this finding to theories of Chinese word recognition. In recognizing 
a Chinese word, both orthographic information and the phonological information will 
be activated. Different scholars had provided evidence for and against an early 
activation of phonology in Chinese word recognition. Recently, research has 
supported the idea that orthographic information is activated before phonological 
information during Chinese word recognition. (Wong & Chen, 1999; Chen & Shu, in 
press, Zhou & Marslen-Wilson, 1999) If the orthographic information is activated 
before phonological information, this can explain the early orthographic facilitation 
found in the picture-word interference task. When a distractor is presented, 
orthographic information from the word is activated quickly. Hence it facilitates the 
word-form encoding stage at an earlier time. On the other hand, phonological 
information is activated relatively slower, and hence it would facilitate the word-form 
encoding stage at a later SOA. 
In summary, orthographic information may be present in the word-form encoding 
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stage of Chinese speech production. The orthographic facilitation found was due to the 
priming of the orthographic information during the word-form encoding stage. 
General Discussion 
In this research, there were three major findings. First, it was found that 
morpheme and syllable are two possible processing units of Chinese speech 
production. Second, it was found that semantic processing precedes phonological 
processing in Chinese speech production. Third, orthographic representations are 
present in our processes of speech production. 
In part 1 of the present study, two processing units of Chinese speech production 
was discovered: morpheme and syllable. As little research had been conducted in 
finding out the processing units in Chinese, this research provided an answer to a 
major issue in Chinese speech production. 
In the part 2 of the present study, it was found that semantic processing precedes 
phonological processing in Chinese speech production. Then, there will be at least two 
different stages of processing involved in Chinese speech. In the first one semantic 
information was processed, while phonological information was processed in the 
second stage. 
In the beginning of this paper, Levelt's model was borrowed to provide a basic 
framework for modeling Chinese speech production. Can we use the model to explain 
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the present data? According to Levelt's model, there are two stages of processing 
involved during the lexical access of speech production. The different time course of 
the semantic and phonological effects obtained in experiment 5 agreed with this. Two 
different processing units, lemma and lexeme, were involved too. From the part 1 of 
this study, it was suggested that morpheme and syllable are two possible processing 
units of speech production. In experiment 4, it was also found that the phonological 
unit involved in lexical access is at the syllabic level rather then sub-syllabic level. It is 
also consistent with the Levelt's model. 
However, Levelt's model could not explain the orthographic facilitation found in 
the experiment 4 and 5. The evidence suggested that orthographic information was 
activated during the speech production processed. It also suggested that the processing 
time-course of orthographic information was very similar to that of phonological 
processing. 
It seems that Levelt's model could not offer satisfactory explanation for the 
orthographic effect obtained in the present study. As I have mentioned in the beginning, 
there are also other speech production models proposed. Here I would like to review 
whether another model, Dell's spreading activation model, could explain the present 
results. 
Dell had proposed a connectionist model to explain speech production. In the 
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model, there are two levels of nodes: word nodes and phoneme nodes. To speak a word, 
the corresponding word node will be activated. Then activation will spread to the 
relevant phoneme nodes. For instance, to speak the word “dog，’，the word node of 
"dog" will first be activated. After the activation of the word node "dog" reaches a 
threshold, activation will spread to phonemes /d/, /o:/ and /g/. At last the phonemes 
would be articulated. 
Can Dell's model explain the semantic, phonological and orthographic effect 
found in present study? Dell's model does not offer detailed mechanism for the 
specific semantic interference and phonological facilitation found. It only suggested 
that semantic processing would precede phonological processing, as the word nodes 
would be activated before the phoneme nodes. More importantly, the model would 
predict the phonological effect would be found in a phonemic level, but not in a 
syllabic level. The result obtained in experiment 4 contradicted this view. In addition, 
Dell's model does not include a level of orthographic unit in the speech model, so it 
would also be difficult to explain the orthographic effect found. 
It was clear that our experimental results were more consistent with the Levelt's 
model than of Dell's model. However, both models do not predict an orthographic 
processing in speech production. Now I would like to sketch a model of Chinese word 
production based on the experimental findings instead of Levelt's model When the 
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findings in the part 1 and part 2 were combined, a more complete picture about 
Chinese speech production was formed. What are the properties of the two processing 
units of Chinese speech production? The processing unit morpheme includes mainly 
semantic information, while syllable contains mainly phonological information. As 
semantic processing precedes phonological processing in Chinese speech production, 
I suggested that there are two stages of processing in Chinese speech production. 
Morpheme is the processing unit of the first stage of lexical access, while syllable is 
the unit of the later stage. When we speak a Chinese word, the semantic information of 
the word will be activated first. The processing unit of this semantic stage is the 
morpheme of the word. Then the corresponding syllable of the morpheme would be 
activated during the second stage of lexical access, which mainly involves 
phonological processing. 
It seems that the model I suggested is very similar to Levelt's' model. In the 
model, there are two stages of processing, lexical selection and word-form encoding. It 
is similar to the semantic and phonological stages suggested. Also, lemma and lexeme 
are the two processing units in the two stages, which matches the two processing units 
morpheme and syllable in Chinese speech. It is clear that Levelt, s model could help us 
in developing a theory of Chinese speech production. 
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Orthographic effect in different tasks 
The third major findings of the present study was that an orthographic facilitation 
effect was found when an orthographic distractor was presented in a picture-word 
interference task. In the past, phonological processing was thought as the most 
essential part of reading, speaking and language development. However, in this study, 
it was found that a phonological tapped process, picture-naming, could be speeded up 
by an orthographically related distractor. One of the difficulties in explaining the 
facilitation was that there are two possible loci of the orthographic effect found: the 
first is during the recognition of the distractor; the second is during the processing of 
speech production. It was whether the orthographic facilitation was a result of 
character recognition or the speech processing. It was not very clear which process is 
the major locus of the orthographic effect found. 
No matter whether the locus of the orthographic effect is at word recognition or 
speech production, it would be an interesting finding contrasting the phonology 
domination across different language processing. 
In research using Western languages, the orthographic effect was seldom 
investigated because orthography and phonology are confounded. Most of the studies 
about orthographic effect in language processes use Asian languages. For instance, a 
number of studies had been conducted to investigate the role of orthography in 
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language processing in Chinese. In a character naming task, it was found that an 
orthographic prime would slow the naming latencies (Chen & Shu, in press). In 
another character naming task using, an orthographic prime would speed up the 
naming (Shen & Forster, 1999). In lexical decision task, the decision time was not 
influenced by the visually similar prime presented prior to the target (Cheng & ShHi, 
1988). It was clear that a lot of research had investigated the role of orthography in 
Chinese word recognition. However, more research is needed in the field of speech 
production to explain the orthographic facilitation found. 
Further Studies 
The present study is an exploratory study of Chinese speech production, and it 
provided suggestions in the directions for future research in this field. Semantic and 
phonological processing is found in speech production. However, whether they 
interact with each other is not clear. To investigate this, a picture-interference task 
could be used again, with materials similar to the present study. Specifically, a new 
type of distractor, the semantic and phonological distractor is included. This type of 
distractor is semantically and phonologically related to the target pictures. By 
measuring the effect of this type of distractor, interaction between semantic and 
phonological processes can be investigated. 
Another line of research follows the orthographic effect found in the part 2 of 
61 
present study. A clear orthographic facilitation had been demonstrated in the picture-
word interference task, but the mechanism responsible for this phenomenon was not 
yet clear. More research should be conducted to see the role of orthography in speech 
production. Since more that one process could contribute to the orthographic effect, a 
multi-task approach can be used. A lexical decision task with a prime presented in 
different time, as well as a naming task with an orthographic prime could be used. A 
masked priming paradigm can also be used to exclude the word recognition process in 
picture-word interference task. 
Conclusion 
In this study, morpheme and syllable were found to be the processing units in 
Chinese speech production. It was also found that semantic, phonological and 
orthographic information is processed during speech production. Though the 
mechanism responsible for the orthographic facilitation is not yet clear, it is a new 
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